drink at hazardous or harmful levels, suggesting that excessive use of alcohol may be mediated in part by underlying trait factors such as impulsivity and/or anxiety sensitivity (Hair & Hampson, 2006; Loxton & Dawe, 2001; Novak, Burgess, Clark, Zvolensky & Brown, 2003; Schmidt, Buckner & Keough, 2007; Zuckerman & Kulman, 2000) .
The relationship between alcohol consumption and anxiety is unclear in young adult samples, with contradictory findings reported (Comeau, Stewart & Loba, 2001; Kambouropoulos & Staiger, 2004; Novak et al., 2003) . One view is that anxiety may prevent people from drinking heavily due to threats of punishment (e.g., health problems, hangovers; Cox & Blount, 1998) , whereas another view suggests that individuals high in anxiety sensitivity may drink as a form of anxiolysis (Kambouropoulos & Staiger, 2004 ). Impulsivity appears to have more support, with impulsivity levels in adolescents reported to be a positive predictor of later alcohol problems Disinhibition and Reward Sensitivity 4 (Cooper, 2002; Soloff, Lynch & Moss, 2000) . suggest that impulsivity is not a homogeneous construct but involves two factors: reward sensitivity and rash impulsiveness. Reward sensitivity is the motivation triggered by cues associated with approach towards a reward, and appears to be the aspect of impulsivity that is linked to substance abuse (Franken & Muris, 2006; Loxton & Dawe, 2001) . A few recent studies have thus examined alcohol consumption in relation to measures of reward sensitivity based on Gray's Reinforcement Sensitivity Theory (RST), such as the BIS/BAS scales (Carver & White, 1994) where the BAS (Behavioral Activation System) scale is the index of sensitivity to reward (SR) and the BIS (Behavioral Inhibition System) scale is an index of sensitivity to punishment (SP; related to anxiety) (Corr, 2002) . Loxton and Dawe (2001) reported that BAS but not BIS scores were related to alcohol use as measured by the AUDIT. Similarly, Pardo, Aguilar, Molinuevo and Torrubia (2007) reported a significant positive association between BAS scores and alcohol consumption. BAS scores were also negatively related to age at first alcohol drink, i.e., the younger the drinker was at their first drink the higher their BAS scores tended to be. Pardo et al. defined age of first drink as the first time an individual had a drink in the absence of their family.
The present study instead asked when people began drinking in a regular way (defined as a minimum of three times a month) in the hope that this would more directly tap the hypothesized inverse relationship between SR and age at onset of drinking. The age at which the first drink is taken is likely to reflect situational factors, whereas the age at which regular drinking is initiated may be more sensitive to individual differences such as SR. Further, instead of the BIS/BAS scales the Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ; Torrubia, Avila, Molto & Caseras, 2001 ) was used to measure SR and SP, as the SPSRQ was devised to be more in line with the theoretical underpinnings of RST. One aim of the current study was to Disinhibition and Reward Sensitivity 5 examine the associations between drinking levels (as defined by the AUDIT) of university students and their levels of SR and SP as defined by the SPSRQ. Consistent with previous findings cited above for adult samples, in a university undergraduate sample SR scores were expected to be positively related to AUDIT scores and negatively related to age of onset of regular drinking. Given the previous negative findings on SP, we expected no such association of SP with AUDIT scores.
A second aim of the current study was more exploratory: to examine an index of everyday symptoms of frontal lobe dysfunction in relation to university student alcohol consumption as measured by AUDIT. Impairments in executive cognitive performance related to dysfunction of the frontal lobes have been well documented in chronic heavy drinkers and alcoholics (Cargiulo, 2007; Kokavec & Crowe, 1999; Lyvers, 2000; Noel et al., 2001; Sullivan, Rosenbloom & Pfefferbaum, 2000) . Although alcoholics have been shown as a group to exhibit impaired executive cognitive functioning compared to non-alcoholic controls, such results do not necessarily tell us whether the deficits preceded the alcoholism or whether all such deficits emerged as a result of chronic exposure to neurotoxic effects of alcohol. Spinella (2003) supports a preceding role of frontal lobe dysfunction in addictions based on research conducted on people who suffered traumatic brain injury (TBI). Longitudinal studies of people with TBI indicate that an increase in substance abuse often follows brain injury. For example, Spinella cited evidence that 20% of individuals who initially abstained from alcohol or who were light drinkers progressed to high consumption levels after their injury. Fontaine et al. (1999) reported similar findings that 15% of TBI patients developed alcohol dependence problems within 2 years of their brain injury. Although these changes could be due to psychosocial stressors resulting from a TBI, they may, in part, be directly due to TBI-related frontal lobe dysfunction and resultant changes in Disinhibition and Reward Sensitivity 6 emotional regulation and impulse control (Spinella, 2003) . In further support for this hypothesis, studies conducted on children of alcoholics, who are at elevated risk for alcoholism, have reported that such children tend to show deficiencies on neuropsychological tests of executive cognitive functioning (Giancola et al., 1996) . Both social drinking and family history of alcoholism have been related to neurocognitive functioning in non-alcoholic individuals (Alterman & Hall, 1989) . If present, inherited deficiencies in prefrontal cortical functioning are theoretically likely to be associated with corresponding deficits in impulse control and executive cognitive functioning, which may in turn predispose to alcoholism and other substance disorders.
The Frontal Systems Behaviour Scale (FrSBe; Grace & Malloy, 2001 ) assesses several of the broad functions mediated by the frontal lobes as manifested in a brain injured patient's daily social and occupational functioning, and was used by Verdejo-Garcia, Rivas-Perez, LopezTorrecillas and Perez-Garcia (2006) to examine frontal lobe related deficits associated with other drug addictions. Three dimensions of frontal lobe dysfunction are examined by the FrSBe: executive dysfunction (e.g., cognitive and behavioural disorganisation, loss of hypothesis generation and testing, impaired problem solving and working memory), apathy (e.g., loss of spontaneity, drive and curiosity), and disinhibition (e.g., impulsivity, aggression, loss of foresight, and inability to delay gratification). These three subscales were designed to detect behavioural signs of disruption to three circuits connecting the prefrontal cortex with subcortical areas: the anterior cingulate circuit (damage associated with apathy), the orbitofrontal circuit (damage associated with disinhibition), and the dorsolateral circuit (damage associated with executive dysfunction). In the present study, the FrSBe was administered to university students who were not chronic alcoholics and thus were unlikely to have suffered from brain damage due to chronic exposure to neurotoxic levels of alcohol. Thus if FrSBe scores were found to be Disinhibition and Reward Sensitivity 7 positively related to alcohol consumption in this sample, such a finding would be consistent with the notion that inherent deficiencies of frontal lobe functioning predispose to heavier alcohol intake. Spinella (2003) reported associations between scores on the FrSBe Disinhibition scale and use of tobacco and illicit drugs. As orbitofrontal dysfunction has been specifically linked to chronic alcoholism in previous work (e.g., Modell & Mountz, 1995) , and chronic alcoholism as noted above has been linked with executive cognitive deficits, we hypothesised that FrSBe Disinhibition and Executive Dysfunction scores would be positively related to alcohol consumption as well as SR in a university sample. Although no specific interactions with gender were anticipated, participant gender was a factor in the analyses for exploratory purposes.
Method

Participants
Sixty undergraduate university students, 39 females (M = 20.97 yr, SD = 1.98) and 21 males (M = 21.38 yr, SD = 2.09), attending Bond University, Queensland, Australia, completed the current study for introductory psychology course credit. Participants were recruited via signup sheets that provided a brief description of the study's procedures. The stated criteria excluded anyone who was intoxicated, had recently suffered from a head injury, used illicit drugs at least 3 times per month, did not drink alcoholic beverages at least occasionally, or was under the legal drinking age (in Australia) of 18. The study was approved by the Bond University Human Research Ethic Committee (BUHREC) and all participants read and signed an appropriate informed consent form prior to participating.
Materials
The Alcohol Use Disorders Identification Test (AUDIT; Saunders et al., 1993 ) is a self report measure widely used in screening for harmful and hazardous drinking in adolescent and Disinhibition and Reward Sensitivity 8 adult populations. The AUDIT is comprised of 10 items answered on Likert scales. There are 3 questions assessing alcohol consumption (e.g., "How often do you have a drink containing alcohol?"), 3 assessing signs of alcohol dependence (e.g., "How often during the last year have you failed to do what was normally expected of you because of drinking?"), and 4 assessing alcohol-related problems (e.g., "Have you or someone else been injured because of your drinking?"). The AUDIT total score is devised by the summation of a participant's responses to all 10 items; possible scores range from 0-40. A score of 0-8 is indicative of "Low Risk," a score of 8 -15 suggests the respondent is drinking at a "Hazardous" level, and a score of 16 or higher suggests the respondent is drinking at a "Harmful" level. The AUDIT has excellent internal reliability and good to excellent test-retest reliability (Kane, Loxton, Staiger & Dawe, 2004; Reinert & Allen, 2007; Rubin et al., 2006) . Recent studies have shown that the AUDIT demonstrates construct, discriminate and concurrent validity (Bergman & Kallmen, 2002; Shields & Caruso, 2004) .
The Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ; Torrubia, Avila, Molto & Caseras, 2001 ) is a self report measure assessing a participant's appetitive (SR) and aversive (SP) motivational system functioning levels in adolescent and adult populations. The SPSRQ is comprised of 48 items, of which 24 assess SR and 24 assess SP.
Participants respond to all questions with either a yes or no response, with affirmative responses being summated to form SR and SP scores. The SR and the SP scales are reported to show very good internal consistency and test-retest reliability as well as convergent, construct and discriminate validity (Caseras, Avila, & Torrubia, 2003; Sava & Sperneac, 2006 ).
The Frontal Systems Behaviour Scale (FrSBe) was designed to measure behaviour associated with damage to the frontal lobes (Davis & Tremont, 2007; Grace & Malloy, 2001;  Disinhibition and Reward Sensitivity 9 Malloy & Boyle, 2005) . The FrSBe was originally designed for neurological patients, with preillness/injury and post-illness/injury ratings taken from the patient as well as family members or caretakers. The original form of the scale asks for pre-and post-injury ratings from the participant and others, but as the present study was conducted in a student rather than clinical sample, participants were asked to provide only current ratings of themselves (Spinella, 2003) .
The FrSBe provides a measure of three frontal behavioural syndromes as manifested in everyday life: apathy, disinhibition and executive dysfunction. There are 46 items with each item rated on a 5-point Likert scale where 1 = Almost never, 2 = Seldom, 3 = Sometimes, 4 = Frequently, and 5 = Almost always. Sample items include "Repeat certain actions or get stuck on certain ideas" and "Show poor judgement, poor problem solver." There are 14 reverse-scored items, including "Use strategies to remember important things (for example, write notes to myself)" and "Am able to plan ahead." Scoring yields scores on the three subscales of Apathy (14 items), Disinhibition (15 items), and Executive Dysfunction (17 items) as well as a Total score. High internal consistency is reported for the Total score as well as for each subscale score (Grace & Malloy, 2001 ) and good convergent validity with other neuropsychological measures is reported as well (Norton, Malloy & Salloway, 2001 ).
Finally, demographic information was obtained using a self report questionnaire comprised of 14 items. Questions pertained to age at onset of regular drinking (AOD), defined as age when first began drinking three or more times per month; current age, gender, illicit drug use (no participant reported current use), and smoking (only 3 participants reported that they smoked).
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Procedure All participants were de-identified upon consenting to the study and were given a unique code which acted as their only form of identification. Participants completed a questionnaire battery comprised of the AUDIT, SPSRQ, FrSBe and demographic questions. The questionnaires were administered in a quiet room to a maximum of four participants at any one time. All instructions were clearly specified on each questionnaire, however the researchers also verbally read out the instructions as well. Each participant completed the questionnaires in a varied sequence, as the order was counterbalanced. In total the questionnaires took about 10 min to complete.
Results
Intercorrelations were calculated among AUDIT measures (Consumption, Dependence, Alcohol Related Problems and Total scores), SPSRQ SR and SP scores, FrSBe measures (Apathy, Disinhibition, Executive Dysfunction and Total scores), and AOD (see Table 1 ). The important correlations to note in Table 1 Individual differences in SR and SP related to alcohol use by university students were further examined by dividing participants into three groups based on their AUDIT Total scores following guidelines described previously above for this measure: low risk (total score 0-7, n = Disinhibition and Reward Sensitivity 11 20), hazardous (total score 8 -15, n = 19), and harmful (total score 16+, n = 21). Group differences on SPSRQ SR and SP were then assessed.
First, separate two-way (AUDIT group X gender) between groups analyses of variance (ANOVAs) were run on SR and SP due to the lack of correlation between these two dependent variables (Tabachnick & Fidell, 2007) . Prior to running the two-way ANOVA, Levene's test of equality of error variance was not significant, thus satisfying the assumption of homogeneity of variance. Box's test of equality of covariance matrices was greater than .001, thus this assumption was also met. Preliminary analysis also revealed that the data were void of extreme outliers and showed normality; thus no cases were removed. The 2 × 3 between groups ANOVA on SR revealed a significant main effect of AUDIT group, F (2, 54) = 12.14, p =.001, η² = .31, power = .99. Post-hoc comparisons using the Tukey HSD test revealed that the mean SR score for the harmful (M = 15.10, SD = 3.73) and hazardous AUDIT groups (M = 12.79, SD = 4.12) were significantly higher than that of the low risk group (M = 8.45, SD = 3.14). The main effect of gender was also significant, F (1, 54) = 6.51, p = .025, η² = .11, power = .71. Males scored significantly higher (M = 14.57, SD = 4.77) than females (M = 10.85, SD = 3.93) overall. There was no interaction between gender and alcohol consumption, F (2, 54) = .17, p = .84.
A second 2 × 3 ANOVA was conducted on SP. Again all assumptions were satisfied prior to running the test. There were no significant main effects for gender, F (1, 54) = .09, p = .77, or AUDIT group, F (2, 54) = 1.53, p = .23. There was also no interaction, F (2, 54) = .01, p = .98.
To examine group differences on FrSBe measures, a 2 (gender) x 3 (AUDIT group) between-groups multivariate analysis of variance (MANOVA) was performed. Three dependent variables were examined: FrSBe Apathy, Disinhibition, and Executive Dysfunction scores.
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Mahalanobis Distance revealed that 1 participant exceeded the critical chi squared value of 18.47 and thus was removed from further analysis. No univariate outliers were detected. The assumption of homogeneity of variance-covariance matrices (Box's M) was not significant, indicating no violation. The Levene's test was significant only for one of the dependent variables, Disinhibition; therefore the alpha level was set at a more conservative value of .01 (Tabachnick & Fidell, 2007) . Lastly, Mauchly's Test of Sphericity indicated that the assumption of sphericity was satisfied, spherical epsilon = 1.00. After all assumptions were met, the MANOVA was conducted. Using Pillai's trace there was no effect of gender, F(3, 51) = 2.13, p = .11, and no interaction, F(6, 104) = 1.23, p = .30. There was however a significant main effect of AUDIT group on the combined dependent variables using Pillai's Trace, F(6, 104) = 3.08, p = .004; η² = .15, power = . 
Discussion
The present university student sample showed high levels of drinking defined as hazardous or harmful by the AUDIT, with one-third of the sample scoring in the hazardous range and one-third scoring in the harmful range according to the criteria set by Saunders et al. (1993) . The important findings of the present study were that (1) SR was significantly positively correlated with all AUDIT measures as well as with FrSBe Total score, Disnihibition and Executive Dysfunction, (2) SR was significantly negatively correlated with AOD, and (3) harmful and hazardous drinkers as defined by AUDIT scored significantly higher on SR and Disinhibition and Reward Sensitivity 13 Disinhibition than did low risk drinkers. All of these findings were consistent with predictions based on previous work mostly done on older and/or alcoholic samples.
Consistent with the present findings, SR was previously suggested to be the component of impulsivity that promotes initiation of hazardous drinking patterns ; however, other factors may be responsible for the progression from hazardous to harmful drinking, as in the present study hazardous and harmful groups did not differ on SR. The hypothesis that AOD would be negatively related to SR was supported, thus giving support to the idea posited by Pardo et al. (2007) that individuals with higher levels of SR are likely to start consuming alcohol at an earlier age, perhaps leading to an increased risk of neurological damage in this time of cognitive vulnerability (Andersen, 2003; Dahl, 2004) . Seemingly consistent with the latter interpretation, hazardous and harmful drinkers also scored significantly higher on the Disinhibition scale of the FrSBe than did drinkers classed as low risk. Disinhibition was positively correlated with all AUDIT measures, whereas Executive Dysfunction was positively correlated only with the Alcohol-Related Problems subscale. The Disinhibition scale is based on clinical observations of patients with lesions of orbitofrontal cortex, an area which plays a major role in reward and reinforcement (Spinella, 2003) . Many effects of orbitofrontal damage (e.g., altered personality and social conduct, verbal and behavioral disinhibition) can be explained by an underlying change in responsiveness to reward contingencies. In the present context, disinhibition may promote the continuation of drinking once it has started and thus may play a part in the occurrence of binge drinking (Rose & Duka, 2007) .
As the present findings were obtained in young adult university students, the AUDIT group differences on Disinhibition are perhaps unlikely to reflect alcohol-related neurological damage but rather may indicate an inherent trait that promotes over-consumption of alcohol. The Disinhibition and Reward Sensitivity 14 significant correlation between SR and FrSBe Disnihibition presumably reflects the overlap between these two constructs (Pardo et al., 2007) , but this does not explain the significant correlation between SR and FrSBe Executive Dysfunction. There were also unanticipated correlations of SP with FrSBe Apathy and Executive Dysfunction. Conceivably the latter correlations might reflect motivational and cognitive impairments associated with anxiety, although that is entirely speculative until these unexpected associations can be replicated in a larger sample.
More generally, present findings are consistent with the theory of so-called Type II alcoholism, which is defined as having an early onset (before age 25) and is said to be characterized by impulsive and disinhibited personality traits. In contrast, there was no evidence supporting a relationship between SP and alcohol use. Note that Type I alcoholism, in contrast to Type II, is defined as having a late onset (after age 25) and is said to be related to anxiety sensitivity and neuroticism (Varma, Basu, Malhotra, Sharma & Matoo, 1994) . Perhaps the university student sample of the present study was too young for any evidence consistent with the etiology of Type I alcoholism to be evident, as anxiety tends to be a predominant factor in older samples (Mazas, Finn & Steinmetz, 2000) .
In conclusion, the present study has linked traits of SR and disinhibition to hazardous and harmful alcohol consumption by university students. These findings suggest that potentially dangerous levels of alcohol intake at university are not solely attributable to the social environment of university life, with its peer pressures. Rather, factors that individual students bring with them to university life also appear to play an important role.
Disinhibition and Reward Sensitivity 15 Table 1 Intercorrelations among AUDIT total score (ATOT), AUDIT Consumption score (Cons), AUDIT Dependence score (Dep), AUDIT Problems score (Probs), SPSRQ-SP score, SPSRQ-SR score, FrSBe-Apathy score (Apath), FrSBe-Disinhibition (Dis), FrSBe-Executive Dysfunction score (Exec), FrSBe Total score (FTOT), and age at onset of regular drinking (AOD). 
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